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TITLE OF THE INVENTION 

Signal Coding Method, Signal Coding Apparatus, Signal 
Recording Medium, and Signal Transmission Method 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a signal coding 
apparatus, a signal coding method, a signal recording medium, 
and a signal transmission methods with high-efficiency coding 
of a digital signal at a transmission side and in particular, 
to a signal coding apparatus, a signal coding method, a signal 
recording medium, and a signal transmission method for coding 
a moving picture signal with a variable bit rate control. 

Description of the Prior Art 

As a digital video signal has an extremely great, data 
amount, when recording it for a long time on a recording medium 
having a small storage capacity, it is indispensable to provide 
means for coding the video signal with a high efficiency. In 
order to answer such a request, there have been proposed 
high-efficiency coding methods utilizing a video signal 
correlation. One of the methods is the MPEG. This MPEG 
(Moving Picture Image Coding Experts Group) has been proposed 
as a standard method after discussion in the 
IS0-IEC/JTC1/SC2/WG11 . The MPEG is a hybrid method using a 
motion compensative coding in combination with the discrete 
cosine transform (DOT). In this MPEG method, firstly, a 



video signal difference between frames is determined to remove 
a redundancy in the temporal axis and then the discrete cosine 
transform is used to remove a redundancy in the spatial axis, 
thus enabling to encode a video signal with a high efficiency. 

In general, a video signal is not stationary but a picture 
information amount changes as the time lapses. For this, when 
a variable bit rate coding is used, a higher quality of picture 
can be obtained compared to a constant bit rate coding if an 
identical code amount is involved. 
c^a^^^F^r example, a" video signal recorded on a so-called 
DVD-vid4o is normally coded by a variable bit- rate coding of 
two-patn type. This two-path method is, for example, disclosed 
in the/ Specification and the drawings of Japanese Paten 
Appliaation 7-3313348 filed by the applicant of the present 
inventlion . 

Here, Fig. 1 is a block diagram showing a configuration 
example of a moving picture coding apparatus using a two-path 
type variable bit rate coding method. Fig. 2 is a flowchart 
showing a two-path type variable bit rate coding procedure. 
With reference to this flowchart, explanation will be given on 
the operation of the block diagram of Fig. 1. 

Firstly, in step 301 of Fig. 2, a moving picture signal 
from a terminal 200 is supplied to a coding difficulty 
calculator 201 which calculates a coding difficulty of an input 
image per unit time. Here, the calculation of the coding 
difficulty is carried out by a DCT coefficient is quantized 
with a fixed quantization alone in an MPEG method coding 



apparatus so as to calculate a generated code amount per a unit 
time. The aforementioned unit time is, for example, in the 
order of 0.5 seconds. The coding difficulty 'd' calculated is 
supplied to an allocation bit amount calculator. 202 . 

Next, in step 302, after completion of the calculation of 
the coding difficulty up to the last input moving picture image 
signal, the allocation bit amount calculator 202 calculates an 
allocation bit amount for the input image per unit time 
according to the entire coding difficulty and the coding bit 
amount which can be used. For example, the allocation (target) 
bit amount per unit is calculated by distributing the total 
amount of the usable coding bits according to the coding 
difficulty for each unit time. 

It should be noted that a delay element 203 is used to 
delay input of the input moving picture image signal to a 
moving picture image coding apparatus 204 until the processing 
of the coding difficulty calculator 201 and the allocation bit 
amount calculator 202 is complete for the entire time length 
of the input picture image. 

Next, in step 303, the moving picture coding apparatus 204 
encodes the input moving picture image per unit time into the 
allocation amount calculated in step 302. 

The processing of step 301 and step 302 constitutes a 
first path processing in which the coding difficulty and the 
allocation bit amount are calculated. The processing of step 
303 constitutes a second path processing which carries out the 
actual moving picture image coding. In this two-path method. 
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there is a merit that it is possible to effectively use a 
usable coding- bit amount, but there is also a defect that the 
processing requires about twice time of the time length of the 
moving picture image sequence, and is not appropriate for a 
real— time processing. 

In\prder to reduce this processing time, a one-path type 
variable/ bit rte coding method is disclosed in the 
Specif iication and drawings of Japanese Patent Application 
7-3114A8 filed by the applicant of the present invention. 

A moving picture image coding apparatus employing the 

Is 

I one-path type variable bit rate coding method h-as an identical 
I configuration as that of the block diagram shown in Fig. 1. 
I However, the control method of the allocation bit amount 
J calculator 202 and the delay element 203 is different in the 
one-path type from the two-path type. Fig. 3 is a flowchart 
\ showing the one-path type variable bit rate coding processing, 
i With reference to this flowchart, explanation will be given on 
the operation of the block diagram of Fig. 1. 

In step 4-1 of Fig. 3, a moving picture image signal is 
supplied to the coding difficulty calculator 201 in Fig. 1, so 
as to calculate a coding difficulty of the input image per unit 
time. The aforementioned unit time is, for example, in the 
order of 0.5 seconds . 

Next, in step 402, an encoding difficulty 'd' is related 
beforehand to an allocation bit amount 'b' per unit time when 
carrying out a variable bit rate coding of a reference moving 
picture image sequence with a predetermined average bit rate. 
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Here, the total of the allocation bit amount per unit time for 
the reference moving picture image sequence is set to a value 
equal to or below a storage capacity of a target recording 
medium. This relationship between the coding difficulty 'd' 
and the allocation bit amount 'b' is shown in Fig. 4. 
^c^S^^H^ In\Fig. 4, the horizontal axis represents ai\. appearance 
probability h(d) of a coding difficulty 'd' with the reference 
moving picture image sequence. An allocation bit amount for 
an arbitrary coding difficulty is calculated according to the 
function b( i). This relationship can be obtained empirically 
by coding /a plenty of moving picture image -sequences (for 
example, pi movie) with a predetermined average bit rate and 
evaluating the obtained picture quality. Thus, this 

relatior^hip a general one which can be applied to most of the 
sequen</es in this world. According to this relationship of 
Fig. 4], an allocation bit amount 'b' is given for a coding 
difficulty 'd' per unit time of the input image from the 
termynal 200. 

In this one-path type, the delay element 203 is provided 
so as to delay the input of an input image signal to the moving 
picture coding apparatus 204 by the unit time until the 
processing in the coding difficulty calculator 201 and in the 
allocation bit amount calculator 202 is complete for the input 
image of the unit time length. 

Next, in step 403, the moving i)icture coding apparatus 204 
encodes the input moving picture image per unit time into the 
allocation bit amount supplied, in accordance with this, from 
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the allocation bit amount calculator 202. 

In such a one-path method, according to the input of the 
image signal, it is possible to carry out a variable bit rate 
coding with an optimal allocation bit amount according to the 
coding difficulty almost at real time. 

Although the relationship of Fig. 4 can be^ applied to 
almost all the moving picture sequence, there are also some 
special sequences which cannot be treated by this relationship. 
There is a case when the total bit amount generated in the 
moving picture coding apparatus 204 exceeds a usable total bit 
amount, i.e., the moving picture sequence cannot be contained 
in the target recording medium. 

In order to encode a predetermined time length of a moving 
picture sequence with a variable bit rate at a real time so as 
to be recorded in a recording medium of a predetermined storage 
capacity, it is impossible to use the two-path method. 
Moreover, although the one-path method can encode almost all 
the moving picture sequences at a real time with a variable bit 
rate so that a predetermined time length of a sequence is 
contained in a recording medium of a predetermined storage 
capacity, there is also a special sequence in which the total 
coding bit amount exceeds a usable total bit amount, i.e., a 
predetermined time length of sequence may not be contained in 
the recording medium. 



SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 

6 




provide a moving picture encoding method, a moving picture 
encoding apparatus, and a coded signal recording medium 
containing a data recorded by the coding apparatus which 
guarantee to encode a predetermined time length of moving 
picture sequence at real time with a variable bit rate so that 
the total coded bits generated can be contained in ^a recording 
medium having a predetermined storage capacity, 

^M^'TrT^s.rder to achieve the aforementioned object, according 
to the present invention, an allocation sign amount is 
interrelatedX with a coding difficulty for each unit time 

is ' \ 

\ standardized An advance using an ordinary inpu-t signal of the 



type to which 
coding difficu 
the coding dif 



an input signal belongs, so as to determine a 
Lty of the input signal for each unit time. For 
ficulty of the input signal for each time unit, 



a reference vp.lue of the interrelated allocation sign amount 
is determined /for said each unit time. The reference value of 
the allocation sign amount is modified into an actual 
=^ allocation sign amount. According this actual allocation sign 
amount, the /input signal is coded for said each unit time, so 
as to create a coded data. Thus, it is possible to carry out 
coding witA an optimal allocation sign amount according to a 
complexit/ of an input signal at real time. 
5^t/S(jLc7 Th^v aforementioned modification of the allocation sign 
amount invo an actual allocation sign amount is carried out by 
controllini the actual allocation sign amount so that a total 
of a gene;*ated bit amount generated when a time length of 
signal which can be recorded on a recording medium is equal to 
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or bellow a bit amount available in the recording medium for 
signaJl recording. 

More specifically, in case of coding an input signal for 
each unit time with a constant allocation bit amount b av , a 
total B av of allocation bit amounts up to now is compared to 
a total B gen of actually generated coding bit mnount up to 
now. If a value (B av ~ B gen) is positive, it is allowed to 
assign an allocation bit amount equal to or above b av , so as 
to guarantee the aforementioned. Here, the b av is given by 
the following equation. 

That is, b av = T GOP x BV/T SEQ, wherein BV is a bit 
amount available in a signal recording medium for a moving 
picture image recording; T SEQ is a moving picture image 
sequence which can be recorded on the signal recording medium; 
and T GOP is a unit time length. 
^^^^ (77"A"?^rding to an information used when modifying the 
af orement i)sned allocation sign amount reference value into an 
actual allocation sign amount, the input signal is subjected 
to a pre-filjter processing and the processed signal is coded, 
thus enabling to make signal coding deterioration less 
remarkable./ More specifically, when suppressing the actual 
allocation/ sign amount below the allocation sign amount 
ref erence / value , an input image is subjected to a low-pass 
filter /t>rocess ing , thus enabling to make the coding 
detericyf-at ion of the image less remarkable. 

When coding a signal and recording the coded signal onto 
a recording medium in several times, the value (B av - B gen) 

8 ' 



or a value equivalent to the value is recorded on the recording 



the recording medium next time, prior to signal recording, the 
value (B av - B gen) or the value equivalent to the value is 
read out from the recording medium, according to which value 
an allocation bit amount of an input signal is calculated for 
each unit time. This enables to effectively use the storage 
capacity of the recording medium. 



' Moreover , in case that the input signal is a moving 
picture image signal, the coding difficulty is determined 

according to an image characteristic informati-on of the input 
image for each predetermined period of time and coding is 
carried oyut with an allocation sign amount reflecting human 
visual Characteristic based on the image characteristic 
inf ormaicion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a configuration example 
of a moving picture coding apparatus which employs a 
conventional two-path or one-path type variable bit rate coding 
method . 

Fig. 2 is a flowchart for explanation of the variable bit 
rate coding processing by the conventional two-path method. 

Fig. 3 is a flowchart for explanation of the variable bit 
rate coding processing by the conventional one-path method. 

Fig. 4 shows an appearance probability h(d) of a coding 
difficulty d of an image per unit time length with in a 



medium, so that when a signal is recorded in an empty area of 




reference moving picture sequence and a function b(d) which 
indicates an allocation bit amount b at a predetermined average 
bit rate for the coding difficulty d. 

Fig, 5 is a block diagram showing a configuration example 
of a moving picture coding apparatus based on a moving picture 
coding method according to an embodiment of the present 
invent ion . 

Fig. 6 is a block diagram showing a first configuration 
example of a coding difficulty calculator 13 of Fig. 5. 

Fig. 7 is a block diagram showing a second configuration 
example of a coding difficulty calculator 13 of Fig. 5. 

Fig. 8 is a flowchart showing an algorithm for modifying 
an allocation bit amount reference value 'b' supplied from an 
allocation bit amount calculator 14 of Fig. 5, into an actual 
allocation bit amount 'bx'. 

Fig. 9 is a block diagram showing a configuration example 
of a moving picture coding apparatus 18 of Fig. 5. 

Fig. 10 is a block diagram showing a configuration for 
recording a coded bit stream onto an optical disc as an example 
of a signal recording medium. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Hereinafter, description will be directed to a signal 
coding method and a signal coding apparatus according to the 
present invention and a recording^ medium containing a data 
recorded by the coding apparatus and a signal transmission 
method according to the present invention through preferred 
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embodiments with reference to the attached drawings. Here, in 
the embodiments given below, explanation will be given on a 
case of a moving picture image signal coding for coding a 
moving picture image signal. Firstly, explanation will given 
on the moving picture coding method and apparatus according to 
an embodiment of the present invention with referQ.nce to Fig. 
5 . 

Firstly, the entire configuration will be briefly 
explained. A moving picture image signal SI supplied from a 
terminal 11 is introduced to a motion vector calculator 12, 
The motion vector calculator outputs a -motion vector 
information (motion vector and its prediction residue) of the 
input moving picture image. Moreover, the moving picture image 
signal SI and the aforementioned motion vector information are 
supplied to a coding difficulty calculator 13. The coding 
difficulty calculator 13 calculates a coding difficulty 'd' for 
every unit time of the input image 81. The coding difficulty 
'd' is supplied to an allocation bit amount calculator 14. The 
allocation bit amount calculator 14 calculates an allocation 
bit amount reference value 'b' for coding the input image for 
every unit time. The allocation The allocation bit amount 
reference value 'b' is supplied to a controller 15. The 
controller 15 modifies the allocation bit amount reference 
value 'b' into an actual allocation bit amount 'bx' for output. 
Moreover, the controller 15 also outputs a processing 
information S5 of a pre-filter 17. A delay element 16 delays 
input of the moving picture image signal SI to the pre-filter 
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17 by the unit time until completion of the processing in the 
coding difficulty calculator 14, the allocation bit amount 
calculator 14, and the controller 15 for the input image SI of 
the unit time length. The input moving picture image signal 
S2 delayed by the delay element 16 is subjected to a processing 
in the pre-filter 17 according to the process ing ^inf ormat ion 
S5 and a processed image signal S3 is outputted. A moving 
picture image coding apparatus 18 encodes the aforementioned 
processed image signal S3 of the unit time so as to be the 
allocation bit amount 'bx'. The moving picture coding 
apparatus 18 outputs a coded bit stream 86 and -a generated bit 
amount 'gen' for each unit time. The coded bit stream 86 is 
outputted from a terminal 19. 

Next, detailed explanation will be given on a specific 
example of the components of the block diagram in Fig. 5. The 
motion vector calculator 12 calculates a motion vector on the 
macro block basis (16 x 16 pixels, hereinafter referred to as 
MB) of the MPEG. A motion vector is detected by way of pattern 
matching between a reference frame and a current MB. That is, 
as shown in Equation (1) below, a sum Ef of absolute values of 
differences is obtained between a current MB signal A [i, j] 
and an MB signal F [x+1, y+ j ] referenced by an arbitrary motion 
vector ( X , y ) . 

Ef = 2 |A[i, j]-F[x+i, y+ j ] | (i = 0 to 15, j = 0 to 15) ... 

(1) . . 

The motion vector calculator 12 assumes coordinates (x, 
y) which minimizes the aforementioned Ef as a motion vector of 
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the current MB (macro block) and outputs the Ef as a prediction 
residue of the motion vector. 

The coding difficulty calculator 13 in Fig. 5 calculates 
a coding difficulty which is a parameter of the information 
amount of the input image SI of each unit time in which degree 
of coding deterioration is reflected. The aforementioned unit 
time is, for example, about 0.5 seconds. 

Fig. 6 is a block diagram showing a first configuration 
example of the coding difficulty calculator 13. A calculator 
27 calculates a prediction residue of a motion vector, i.e., 
the total Dl of the Ef calculated by the. aforementioned 
1=^ Equation (1) for each unit time and then involves the parameter 
ry a indicating the coding deterioration remarkabi 1 i ty , so as to 
output the coding difficult d = Dl x a of the input image for 
£ each unit time. 

hi An image information calculator 26, as a parameter 

'2 indicating the coding deterioration remarkabi 1 ity , calculates 
p a parameter indicating a flatness of the input image, for 
example, a dispersion value of the MB signal. In general, a 
coding noise is remarkable in a flat image portion for human 
eyes but cannot be easily distinguished in a complicated image 
portion. Based on this, as the image dispersion value 
increases, the value a is made smaller. On the contrary, as 
the image dispersion value decreases, the value a is made 
greater. Note that when an input iniage is coded within a frame 
(intra coding) by an image coding mode (not depicted), it is 
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better to use as the aforementioned value Dl , a total of the 
dispersion values of the MB signal calculated by the image 
information calculator 26 for each unit time. 

Fig. 7 is a block diagram showing a second configuration 
example of the coding difficulty calculator 13 of Fig. 5, This 
example employs a hybrid method using the motion compensative 
frame-to-frame prediction and the DCT in combination, in which 
a total D2 of generated bit amount for each unit time when the 
quantization step of the quantizer is fixed, so that the total 
D2 is modified by a parameter a indicating the coding 
deterioration remarkabi 1 i ty , thus outputtiRg the coding 
difficulty d = D2 x a of the input image for each unit time, 
wherein the value a is identical as the one explained above. 

The block diagram of Fig. 7 will be detailed below. An 
input image MB signal is supplied from a terminal 30 and its 
motion vector is supplied from a terminal 31. A motion 
compensation circuit 38 has an image memory from which a 
prediction MB signal is read out according to the motion 
vector. A calculator 32 carries out addition using the input 
MB signal from the terminal 30 as an addition signal and the 
aforementioned prediction MB signal from the aforementioned 
motion compensation circuit 38 as a subtraction signal, so as 
to obtain a difference between the input MB signal and the 
prediction MB signal. This difference is outputted as a 
prediction residue MB signal. It should be noted that when an 
image coding mode (not depicted) specifies to carry out an 
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intra-frame coding of the input image, no prediction is carried 
out and the input MB signal is outputted as it is from the 
calculator 32. The aforementioned prediction residue MB signal 
(or the input MB signal if no prediction is carried out) is 
supplied to a DCT circuit 33. The DCT circuit carries out a 
2-dimensional DCT to the aforementioned prediction, residue MB 
signal. A DCT coefficient outputted from this DCT circuit 33 
is quantized in a quantization circuit 34 with a predetermined 
fixed value of step size. This quantization circuit 34 outputs 
a quantized output signal which is supplied to a 
variable-length coding circuit 39 and a reverse quantization 
circuit 35. In the variable-length coding circuit 39, the 
aforementioned quantized output signal is subjected, for 
example, to Huffman coding. An output signal from this 
variable-length coding circuit 39 is supplied to a generated 
coding amount counter 40 where the total D2 of the generated 
coding amount is calculated for each unit time. On the other 
hand, in the reverse quantization circuit 35, the 
aforementioned quantized output signal is subjected to a 
reverse quantization according to the quantization step used 
in the quantization circuit 34. An output from the reverse 
quantization circuit 35 is supplied is supplied to a reverse 
DCT circuit 36 so as to be subjected to a reverse DCT 
processing and the prediction residue MB signal decoded is 
supplied to a calculator 37. This calculator 37 is also 
supplied with a signal identical to the prediction MB signal 
supplied to the aforementioned calculator 32. The calculator 
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37 adds the prediction MB signal to the aforementioned decoded 
prediction residue MB signal. Thus, an image signal partially 
decoded is obtained. The image partially decoded is stored in 
the image memory of the motion compensation circuit so as to 
be used as a reference image for the next motion compensation. 

Next, the allocation bit amount calculator 1J^ of Fig. 5 
calculates an allocation bit reference value 'b' for the coding 
difficulty 'd' of the input image for unit time. For example, 
in the aforementioned one-path type variable bit rate coding 
method, the coding difficulty for each unit time is related to 
the allocation bit amount when a reference motien picture image 
sequence is coded by way of variable bit rate coding with a 
predetermined average bit rate. According to this 

relationship, the allocation bit amount reference value b is 
outputted for the coding difficulty d calculated by the coding 
difficulty calculator 13. The relationship shown in Fig. 4 is 
more effective if switched between the input motion picture 
image types, for example, between a movie source and a camera 
video source . 

The controller 15 of Fig. 5 modifies the allocation bit 
amount reference value *b' from the allocation bit amount 
calculator 14 into an actual allocation bit amount 'bx' for 
output. The controller 15 controls the actual allocation bit 
amount 'bx' so that a total of generated bit amount generated 
when coding a moving picture image^ sequence of a time length 
which can be recorded on a signal recording medium be equal to 
or below a bit amount available in the signal recording medium 
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available for recording the moving picture. 

Explanation will be given on a specific example of 
algorithm in the controller 15 for modifying the allocation bit 
amount reference value 'b' into the actual allocation bit 
amount 'bx' with reference to a flowchart of Fig, 8. 

In step 100 of Fig. 8, an initial value of the value S (= 
B av - B gen) is set, wherein B av is a total of the allocation 
bit amounts up to the current moment for coding an input moving 
picture with a constant bit rate R av; and B gen is a total of 
the generated bit amounts actually generated up to the current 
moment. Here, the R av is defined by R av = BV-/T SEQ, wherein 
BV is a bit amount available in a signal recording medium for 
recording a moving picture and T SEQ is a time length of the 
moving picture sequence which can be recorded in the signal 
recording medium. 

When recording a signal from the beginning on a new 
recording medium, S = 0 is set, or if a predetermined size of 
margin is defined in the storage capacity of the recording 
medium, the margin amount is set as the initial value of S. 
Alternatively, when recording a signal on an empty area of a 
recording medium which has been already used, the last value 
S of the previous signal recording (or a value equivalent to 
S) is recorded on the recording medium, so as to be read out 
to be as the initial value for the signal recording this time. 

In step 1-1, input of a moving picture image sequence is 
started. Next, in step 102, the controller 15 reads in the 
allocation bit amount reference value b of coding of the 



current unit time leng'th of the input image, a value supplied 
from the allocation bit amount calculator 14 in Fig. 5. 

Next, in step 103, the aforementioned allocation bit 
amount reference value b is compared to the average allocation 
bit amount b av = T GOP x BV /T SEQ, wherein BV is a bit amount 
available in the signal recording medium for recording the 
moving picture; T SEQ is a time length of the moving picture 
sequence which can be recorded on the signal recording medium; 
and T GOP is counted by the unit time length. 

If the aforementioned allocation bit reference value b is 
greater than the average allocation bit amount b av (b > b av), 
control is passed to step 104. On the other hand, if the 
reference value b is equal to or smaller than b av , control is 
passed to step 107. 

In step 104, if the value S is determined to be greater 
than the value (b - b av) , i.e., if (S ^ b - b av) , control is 
passed to step 105. On the other hand, if the value S is 
smaller than the value (b - b av ) , then control is passed to 
step 106. 

In step 105, the actual allocation bit amount bx , i.e., 
the value outputted from the controller 15 of Fig. 5 is set for 
the aforementioned reference value b (bx = b). 

In step 106, the actual allocation bit amount bx is set 
for the b av (bx = b av ) , and in step 107 the actual allocation 
bit amount bx is set for b (bx = b) . 

After these steps 105, 106, and 107, control is passed to 
step 108. In step 108, the current unit time length of the 
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input image is coded by the moving picture coding apparatus 18 
so as to be the allocation bit amount bx . After completion of 
this coding, the coding bit amount b gen actually generated in 
the moving picture coding apparatus 18 is outputted to be 
supplied to the controller 15. 

In step 109, the value (b av - b gen) is added to the 
aforementioned value S. That is, S = S + (b av - b gen). 

In step 110, the unit time length of the input image is 
processed. Next, in step 111, it is determined whether the 
input of the moving picture image sequence is complete, i.e., 
whether the end sequence is reached. If y-es , the coding 
processing is terminated . Otherwise, control is returned to 
step 102 to repeat the series of processes. 

The controller 15 of Fig. 5, for example, carries out a 
processing according to the procedure of Fig. 8 and specifies 
the actual allocation bit amount bx to the moving picture 
coding apparatus 18. 

The delay element 16 of Fig. 5 delays by a unit time the 
input of the input image SI of the unit time length to the 
pre-f liter 16. It should be noted that, in case when the 
coding difficulty calculator 13 has a configuration of the 
block diagram of Fig. 6, the delay element 16 may not be 
included. 

The pre-filter 17 of Fig. 5, according to the processing 
information S5 from the controller 15, adaptively subjects the 
input image S2 to a low-pass filter processing and outputs a 
processed image S3. When the controller 15 is in the state of 
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step 106 of the aforementioned flowchart of Fig. 8, i.e., when 
the coding difficulty of the input image of the unit time is 
comparatively high and the allocation bit amount reference 
value b is greater than the average allocation bit amount b av 
but the actual allocation bit amount bx is suppressed to b av, 
the processing information S5 is outputted for low-pass filter 
processing of the input image in the pre-f liter 17 so that the 
coding deterioration becomes less remarkable. The contents of 
the processing information S5 are preferably are such that as 
the value (b - b av) increases, the low-pass filter processing 
has a narrower pass band. When the controller 15 is in the 
state of step 105 or step 107 of the flowchart of Fig. 8, the 
pre-f ilter 17 directly outputs the image S2 as S3. 

It should be noted that in the block diagram of Fig. 5, 
the pre-filter is not indispensable, but its use enables to 
enhance the effect of making the coding deterioration less 
remarkable . 

The moving picture coding apparatus 18 of Fig. 5 encodes 
the input image S3 so as to be the allocation bit amount bx . 
Fig. 9 is a block diagram showing a configuration example of 
the moving picture coding apparatus 18, in which most of the 
components are identical to those of the aforementioned coding 
difficulty calculator of Fig. 7. They are denoted with 
identical block numbers. Explanation will be given on the 
components which are different from those of Fig, 7. 

The allocation bit amount bx is supplied from a terminal 
50 and supplied to a quantization scale controller 51. A 
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variable-length coding apparatus 39 outputs a bit stream for 
example based on the syntax of ISO/IEC 13818-2 (MPEG2 video). 
A generated sign amount counter 52 counts a sign amount 
outputted from the variable-length coding apparatus 39 within 
the unit time and supplies the count value S7 to the 
quantization scale controller 51, The quantization scale 
controller 51 outputs a quantization step S8 to a quantizer 53 
so as to make the generated sign amount S7 for the unit time 
becomes equal to the allocation bit amount bx. The 
aforementioned bit stream is supplied to a buffer 54 and is 
read out from a terminal 55 at a predetermined bit rate. The 
generated bit amount b gen for the unit time is outputted from 
a terminal 56 . 

The coded bit stream S6 is outputted from a terminal 19 
of Fig. 5. This bit stream is recorded on a signal recording 
medium and transmitted through a transmission path. 

Fig. 10 explains an example using an optical disc 85 as 
the signal recording medium. In this Fig. 10, a terminal 80 
is supplied with the aforementioned bit stream S6 . The bit 
stream S6 is supplied to a multiplexer 81. The multiplexer 81 
multiplexes the bit stream S6 with a coded bit stream such as 
another audio signal (not depicted) by way of time division, 
so as to be in a single multiplexed bit stream. This 
multiplexed bit stream is added with an error correction code 
by an ECC encoder 82 and transmitted to a modulation circuit 
83. In this modulation circuit 83, the output from the ECC 
encoder 82 is subjected to a predetermined modulation 
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processing such as 8-14 modulation. An output from this 
modulation circuit 83 is transmitted to a recording head 84, 
so that the signal is recorded by this recording head on the 
optical disc 85. 

It should be noted that in the example of Fig. 10, the 
signal recording medium is an optical disc, t)ut^ the signal 
encoded by the apparatus of the present invention can also be 
recorded on a signal recording medium which is a tape-shaped 
recording medium such as a magnetic tape, or a magnetic disc 
medium such as a hard disc and a flexible disc as well as an 
IC card and various memory devices. Moreover,- as the optical 
disc, various types of discs can be used: a disc for recording 
in pits and a magneto-optical disc, as well as a phase-change 
type disc and an organic pigment type optical disc, an optical 
disc for recording by an ultraviolet laser beam, an optical 
disc having a multi-layered recording film, and the like. 

Moreover, the present invention is not to be limited to 
the aforementioned embodiments. For example, a digital signal 
processed is not limited to a moving picture video signal but 
can be applied to an audio signal and the like. The present 
invention can be modified in various ways within the scope of 
the invention. 

"^Ac'C^Q^ding to the present invention, an allocation sign 
amount is \interrelated to a coding difficulty for each unit 
time standajrdized in advance from a general input signal of a 
type to wMich a particular input signal belongs, so as to 
obtain a ycoding difficulty of the input signal for each unit 
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ly 



time, a>Jid for the coding difficulty of each unit time of this 
input signal, an allocation sign amount reference value is 



obtained 



for each of the aforementioned interrelated unit time 



The aforementioned allocation sign amount reference value is 
modifieci into an actual allocation sign amount, so that 
accordiihg to this actual allocation sign amount^ the input 
signal/ is coded for each of the unit time so as to create a 
coded/data. Consequently, it is possible to carry out a coding 
with/ an optimal allocation sign amount according to the 
commexity of a signal at real time according to input of the 
signal . 

The aforementioned example of modification of the 
allocation sign amount reference value into an actual 
allocation sign amount serves to that the total of generated 
bit amount generated when coding a time length of signal 
recordable in a recording medium is equal to or below a bit 
amount available in the recording medium for signal recording, 
thus controlling the actual allocation bit amount, which in 
turn guarantees that a predetermined time length of signal can 
be recorded on a recording medium having a predetermined 
storage capacity. 
(^^"^ example , when coding an input signal f or each unit 

time with Y predetermined allocation bit amount b av , the total 
B av of th(^ allocation bit amount up to now is compared to the 
total B gen of the actually generated coding bit amount up to 
now, and if the value (B av - B gen) is positive, it is allowed 
to assig/i an allocation bit amount equal to or above the b av . 
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Here, theVb av is defined as follows: b av = T GOP x BV/T SEQ, 
wherein Bv^ is a bit amount which can be used in the signal 
recording niedium for recording a moving picture; T SEQ is a 



time length 
recorded on 



of the moving picture image sequence which can be 
the signal recording medium; and T GOP is given in 
a unit time/ length. Thus, it is possible to guarantee that a 
predetermimed time length of signal can be recorded on a 
recording /medium having a predetermined storage capacity, 
5^0^ According to the information used when modifying the 

af orement iVned allocation sign amount reference value into an 



actual all 
pre-f liter 
enab 1 ing 
remarkab 



pcation amount, the input signal is- subjected to a 
processing and the processed signal is coded, thus 
to make the signal coding deterioration less 
More specifically, when suppressing the 



= is? 



aforementioned actual allocation amount below the allocation 
sign amount reference value, the input image is subjected to 
a low-nrass -J _i 1 ter^ ^processing , thus enabling to make the image 
coding deterioration less remarkable. 

When carrying out a signal coding and recording of the 
coded signal on a recording medium in several times, the 
aforementioned value (B av - B gen) or a value equivalent to 
this is recorded on the recording medium, so that when 
recording a signal on an empty area of the recording medium 
next time, prior to the signal recording, the aforementioned 
value (B av - B gen) or the value equivalent to this is read 
out from the recording medium, according to which value the 
allocation bit amount for each unit time of input signal is 
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calculated, thus enabling to effectively use the storage 
capacity of the recording medium. 

Moreover, when the aforementioned input signal is a moving 
picture image signal, the aforementioned coding difficulty of 
the input image is determined according to the image 
characteristic information for each predetermined period of 
time, so that coding is carried out with an allocation sign 
amount reflecting the human visual characteristic from the 
image characteristic information, thus enabling to realize a 
high-efficiency moving picture image coding. 
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